Protein-tyrosine phosphatases (PTPases) form an important class of cell regulatory proteins. W e have isolated overlapping cD N A clones that together comprise an 8 kb transcript encoding a novel murine PTPase which is expressed ¡n various organs. Sequence analysis revealed an open reading frame of 2,460 amino acid residues. The predicted protein, PTP-BL, is a large non-transmembrane PTPase that exhibits 80% homology with PTP-BAS, a recently described human PTPase. PTP-BL shares some intriguing sequence homologies with submembranous proteins. It contains a band 4.1 -like motif also present in the tumor suppressors neurofibromatosis 2 and expanded, five 80 amino acid repeats also present in the discs-large tumor suppressor, and a single catalytic phosphatase domain. No obvious homologies to other proteins were found for the N-termina) region of the protein other than human PTP-BAS. RNA in situ hybridization experiments show that the PTP-BL gene is expressed in epithelial cells, predominantly in kidney, lung, and skin. These data suggest a cell cortical localization for PTP-BL in epithelial cells and a possible role in the morphology and motility of epithelial tissues.
in the process of tumor metastasis is well estab lished [van Roy and Mareel, 1992] . In addition, evidence is accumulating that defects in cell-cell and cell-matrix contact signalling can be in volved in tumor initiation [Hedrick et al., 1993] . That cell adhesion molecules as well as the corre sponding peripheral membrane proteins have a regulatory role in growth control is also demon strated by studies on tumor suppressor genes in Drosophila . The discs large {dig) gene, for example, is needed to enable Drosophila imaginal disc cells to leave the cell cycle and differentiate into polarized cells [Woods and Bryant, 1991] . Absence of the protein in dig mutants therefore leads to uncontrolled prolif eration. The DlgA protein is localized in the undercoat of the septate junctions, which are the counterpart of the vertebrate tight junc tions. Other cell cortical proteins that exert growth control include the Drosophila expanded (ex) tum or suppressor and the human neurofibromato sis type 2 tumor suppressor, otherwise known €> 1995 Wiley-Liss, Inc as merlin [Trofatter et aL, 1993] or schwannomin [Rouleau et al., 1993] . Both proteins were found to be members of the family of band-4.1like proteins , which mediate the contact of integral membrane pro teins with the actin cytoskeleton [Luna and Hitt, 1992] , It has been postulated, therefore, that merlin/schwannomin and ex may be in volved in membrane-cytoskeletal organization and the control of cell shape, locomotion, and, perhaps, responses to external stimuli Algrain et al., 1993; Tsukita et al., 1993] . Finally, recent observa tions have implicated cadherin-catenin com plexes in neoplasia. Loss of cadherin function results in increased metastatic potential of cer tain tumors [van Roy and Mareel, 1992] . The tumor suppressor gene APC (adenomatous pol yposis coli) associates with catenins and perhaps can modulate cadherin-catenin interaction [Rubinfeld et al., 1993; Su et al., 1993] , Here, we describe the isolation of a cDNA encoding a murine protein-tyrosine phospha tase (PTPase), PTP-BL, that displays intriguing homologies with the neurofibromatosis 2 and Drosophila dig and ex proteins. The PTP-BL mRNA is expressed predominantly in epithelial cells, suggesting an important role for PTP-BL in cellular processes that depend on membranecytoskeletal interactions, by binding and/or dephosphorylating specific submembranous pro teins,
MATERIALS AND M ETHODS

Isolation of mPTP14 cDNAs
The mPTP14 PCR fragment [Hendriks et al., 1995] was isolated, labelled radioactively by ran dom priming [Feinberg and Vogelstein, 1983] , and used to screen a mouse brain X-ZAPII cDNA phage library (Stratagene, La Jolla, CA). To obtain larger clones, a 5' fragment of clone mPTP14-5 was used to screen a mouse skin A.-ZAPII cDNA phage library (Stratagene). Hy bridization conditions were those of Church and Gilbert [1984] . Washing at high stringency (0.1% SDS, 0.04 M sodium phosphate buffer/pH = 7.4, 1 mM EDTA) was performed three times at 65°C for 20 min. Autoradiography was on Kodak X-omat SI films at -70°C for 1-2 days using Dupont Cronex (Dupont, Wilmington, DE) inten sifying screens. Positive phages were plaquepurified and inserts were rescued as pBluescript SK plasmids according to the manufacturer's protocols.
Clone mPTP14-1.3 was generated by RT-PCR. The sense prim er (5'-GGCTT CAT-CATTTCTCCATG-3'), corresponding to posi tion 149-168 of the PTP-BL cDNA sequence, was designed on the basis of the hum an [Maekawa et al., 1994] and bovine (Walton et al., personal communication) homologous sequence. The antisense prim er (5'-CCTGATTGAT-CAAGTTGCC-3') was chosen close to the 5' end of clone mPTP14-2 (position 1,390-1,409 of the PTP-BL cDNA sequence). Mouse keratinocyte RNA (2 jjLg) was isolated and used for cDNA synthesis in a reverse transcription reaction em ploying random hexamers as described previ ously [Hendriks et al., 1994] , Following a 5 min incubation at 90°C, 5 pi of the single-stranded cDNA preparation was used as template for PCR. Prim ers (final concentration 1 ng/pi) were added to a 50 pi reaction mixture containing 20 mM Tris-HCl (pH = 8.4), 50 mM KC1, 2.5 mM MgCl2, 0.01% BSA, all four dNTPs (each at 250 julM), 1 U Taq DNA Polymerase (Perkin-Elmer Cetus, Norwalk, CT), and template material. Thirty-five cycles were performed on a Perkin-Elmer therm al cycler; each cycle involved incu bation at 94°C for 45 s, at 50°C for 45 s, and at 72°C for 1.5 min.
Clone mPTP14-R5 was produced by an an chored PCR method described previously [Deen et al., 1992 ]. An antisense oligonucleotide (5r-GGCTGGCTTTGAGGTACT-3'; pos. 352-369 in the PTP-BL cDNA sequence) served as primer during reverse transcription of mouse keratino cyte mRNA. A nested antisense oligonucleotide (5'-GGATCTTCTCTACATCTGCG-3f; pos. 286-305) and an oligo(dC) primer were used during amplification as described [Deen et al., 1992] . PCR products were cloned into the Smal site of plasmid pBlueScript as described in Hendriks et al. [1995] .
Sequence Analysis
Nucleotide sequences were determined using the DNase shotgun strategy [Lin et al., 1985] in combination with the double-stranded DNA dideoxy sequencing method [Hattori and Sakaki, 1986] . DNA sequence gel readings were re corded, compared, edited, and assembled using the IG-SUITE 5.35 package (Intelligenetics, Inc., Mountain View, CA). Deduced protein sequences were analysed using the GCG package [Devereux et al., 1984] provided by the Dutch CAOS/ CAMM Center. Databases (EMBL release 40, GenBank rel. 83, PIR-protein rel. 41.1, and SWISS-PROT rel. 30) were searched for homolo gous sequences using the BLAST program [Altschul et al., 1990] and DHR-containing pro teins were identified using the pattern (K,R) X(2,4}GL(G,R)X{1, 5}GGX (8, 20}GXXAX{6, 9) (G,N)DXXXX(V,I)N allowing 2 mismatches, and subsequent m anual screening. Homologies of sequences aligned with PILEUP and LINEUP were determ ined using DISTANCES with thresholds of 1.5 and 0.6 for identity and similar ity values, respectively [Devereux et al., 1984] .
Assay of Phosphatase Activity pGEX-BL was constructed by ligating the 1.2 kb DNA polymerase-treated (blunt) HindTLl fragment of mPTP14-2, encoding the last 360 amino acids of PTP-BL, into the Sm al site of pGEX-3X [Smith and Johnson, 1988] . Esch erichia coli DH-5a (Gibco-BRL, Gaithersburg, MD) transform ed with pGEX-BL or the empty vector pGEX-3X were grown in 10 ml of Luria broth containing 100 fxg/ml ampicillin until A550 reached 0.7, and induced with 0,1 mM IPTG for 4 h at 37°C. GST-containing proteins were iso lated according to Frangioni and Neel [1993] . Briefly, 1.5 ml of the bacterial culture was pel leted, washed once with 200 |xl of cold STE (10 mM Tris, pH 8.0, 150 mM NaCl, 1 mM EDTA), resuspended in 135 fxl of STE containing 100 |jLg/ml of lysozyme, and incubated on ice for 15 min. Then 1.5 |xl 0.5 M DTT and 1 jjlI PMSF (100 mM) were added, and bacteria were lysed by the addition of 24 jjlI of 10% N-laurylsarcosine in STE. After brief vortexing and 1 min sonication on ice, the lysate was clarified by centrifugation at 10,000# for 5 min, at 4°C. The supernatant was transferred to a new tube, and 40 pj of 10% Triton X-100 in STE was added. From the 200 \jA lysate, the GST fusion protein was purified over glutathione agarose beads (Sigma, St. Louis, MO) exactly as described [Frangioni and Neel, 1993] . Purified GST or GST-BL protein was then used for tyrosine phos phatase activity determ ination using the colori m etric substrate p-nitrophenyl phosphate (pNPP). Reactions were performed with lysate am ounts and substrate concentrations th a t showed a constant reaction velocity with respect to time. Each 200 \xl of reaction mixture con tained 50 mM Imidazole, pH 7.5, 5 mM pNPP, 10 mM DTT, 10 mM EDTA, and 1 jmg of protein.
Potential modifiers of phosphatase activity were added to some reaction mixtures. Reaction mix tures were incubated for 30 min at 37°C and the reaction was terminated by the addition of 800 jjlI 0.2 M NaOH. Absorbance was measured at 410 nm. Two phosphotyrosine-containing pep tides (the hirudin 53-65 C-terminal fragment and the human gastrin 1-17 N-terminal frag ment) were also used in a non-radioactive phos phatase assay as described by the manufacturer (Boehringer Mannheim, Indianapolis, IN).
RNA In Situ Hybridization
Embryos were isolated from pregnant NMRI mice at developmental stages indicated in the text. The day of plug detection was considered to be day 0.5 post conception (p.c.). Embryos and tissue samples were fixed overnight with 4% paraformaldehyde in PBS at 4°C. Cryosections (10 ¡nm) were mounted on 3-aminopropyltriethoxy-silane-coated slides and RNA in situ hybrid ization was performed as described previously [Bachner et al., 1993] , To generate " sense" and "antisense" RNA probes, the mouse mPTP14-2 cDNA clone in pBlueScript-SK was linearized with Xhol or Noil and used for in vitro transcrip tion by T3 or T7 RNA Polymerase, respectively. Both probes were labelled with a35S-UTP to a specific activity of > 109 dpm/|jLg. Probe length was reduced to 150-200 nucleotides by alkaline hydrolysis. The slides were prehybridized at 54°C in a solution containing 50% formamide, 10% dextran sulphate, 0.3 M NaCl, 10 mM Tris, 10 mM sodium phosphate (pH 6.8), 20 mM DTT, 0.2 x Denhardt's reagent, 0.1% Triton X-100, 0.1 mg/ml E. coli RNA, and "cold" 0.1 mM aS-UTP. For hybridization, 80,000 dpm/ fxl a 35S-UTP labelled RNA probe was added to the hy bridization mix and the hybridization was con tinued at 54°C for 16 h in a humid chamber. Subsequently, the slides were washed in hybrid ization salt solution to which 20 mM dithiothreitol was added. After RNase A digestion, slides were washed for 30 min at 37°C with 2 x SSC, 0.1% SDS, and 30 min with 0.1 x SSC, 0.1% SDS, and dehydrated by increasing concentra tions of ethanol. The slides were coated with Ilford K5 photoemulsion for autoradiography. After 14-21 days of exposure at 4°C, the slides were developed in Kodak D19b and stained with Giemsa. The sections were analyzed with brightand dark-field illumination using a Zeiss (Thornwood, NY) SV8 stereo-microscope and an Axiophot microscope and photographed using Agfa Ortho black-and-white film.
RESULTS
Cloning of mPTP14 cDNAs
We recently isolated murine PTPase cDNA fragments [Hendriks et al., 1995] using degener ate primers based on conserved regions in the rapidly expanding PTPase gene family [Walton and Dixon, 1993] . One of these fragments, mPTP14, showed the highest homology with the PTPases MEG [Gu et al., 1991] and PTPH1 [Yang and Tonks, 1991] (29 and 31% identity at the amino acid level, respectively), MEG and PTPH1 contain one catalytic phosphatase do main and an amino-terminal stretch with signifi cant similarity to the band 4.1-type protein fam ily. However, the length of the mPTP14 transcript (8 kb) that was detectable in various murine tissues [Hendriks et al., 1995] was sig nificantly larger than those reported for MEG and PTPH1 (around 4 kb), and was therefore expected to encode a much larger protein prod uct. To determine the nature of the additional sequence motifs present in the large mPTP14 transcript, we set out to clone the corresponding cDNA.
Screening of a mouse brain cDNA library yielded several positive clones, among which mPTPl4-5 was the largest with an insert length of 4.5 kbp. A murine skin cDNA library was screened to obtain longer clones, since strong signals were detected by the mPTP14 probe on Northern blots containing keratinocyte RNA [Hendriks et al., 1995] , The longest cDNA iden tified, mPTP14-2, spanned 6.5 kbp and its DNA sequence was determined. As expected from the length of the corresponding transcript, mPTP14-2 does not represent a full-length clone. While this work was nearing completion, the sequence of human PTP-BAS [Maekawa et al., 1994] was published that exhibited high homology with our clones. A bovine homolog has also been reported [Mauro and Dixon, 1994] . By compar ing the human and bovine (kindly provided by Drs. K. Walton, Q. Vega, and J. Dixon) nucleo tide sequences, we were able to design an oligo nucleotide primer close to the 5' end of the open reading frame. Using this primer in combina tion with an antisense primer from the 5' region of clone mPTP14-2, a 1.3 kbp cDNA fragment (mPTP14-1.3) was amplified by RT-PCR from mouse keratinocyte RNA. Subsequently, using the mPTP14-1.3 sequence data, antisense oligo nucleotide primers were designed to clone addi tional 5' sequences by anchored PCR. In this way, a nearly full-length cDNA sequence for the mPTP14 tran scrip t was assembled from m PTPl4-2, m PTPl4-1.3, andmPTP14-R5 (Fig.  1A ), The 7,922 bp sequence spans 7 nucleotides of the putative 5' untranslated region, the com plete open reading frame and the poly-(A) addi tion signal-containing 3' untranslated region (acc. no. Z32740).
Analysis of the Encoded PTP-BL Protein
The 2,460 amino acid protein that is predicted by the mPTP14 open reading frame ( Fig. IB) displays 80% identity and 86% similarity to the human PTP-BAS type 1 sequence [Maekawa et al., 1994] , and we therefore propose the name PTP-BL (BAS-like) for the mPTP14-encoded protein. Recent reports have also described the cloning of PTPL1 [Saras et al,, 1994 ] and hP T P lE [Banville et al., 1994] , which are actu ally splice variants of PTP-BAS. Like its human homologs, PTP-BL exhibits intriguing sequence features ( Fig. 1 ). As was anticipated from its homology to PTPH1 and MEG, PTP-BL con tains a tyrosine phosphatase domain (residues 2,181-2,431) and a band 4.1-like sequence (aa 577-872), which is regarded as being a plasma membrane binding sequence that serves as a molecular link between integral membrane pro teins and the cytoskeleton [Luna and Hitt, 1992] . In between the band 4.1-like sequence and the The coding region, resulting in PTP-BL protein, is diagrammed schematically. The band 4.1-like domain (hatched bar), five DHR motifs (circles), and the protein tyrosine phosphatase domain (black b o x) are indicated. B: Alignment of the deduced amino acid sequences of mouse PTP-BL (acc. no. Z32740) and human PTP-BAS type 1 (acc. no. D21209). Identical residues are represented by dashes in the human sequence and dots indicate gap positions that were introduced. Amino acid residue numbers are indicated on the right. The band 4.1 -like domain is boxed with a single line, the five DHR motifs are depicted on a gray background, and the catalytic domain is indicated using a double-lined open box. The part represented in clone mPTP14 is underlined. Protein regions that are not present in certain human isoforms due to alternative splicing [Maekawa et a!., 1994; Saras et al., 1994; Banville et al., 1994] are underlined using small open circles. Two putative tyrosine kinase phosphor ylation sites are indicated by black triangles below the human and above the mouse tyrosine residues. Black squares below the PTP-BAS sequence indicate the leucine and methionine residues that make up the leucine zipper motif [Saras et al., 19943. catalytic phosphatase domain, five 80-amino acid repeat regions were found that are known as GLGF motifs [Cho et al., 1992] or discs-large homologous regions. (DHR) Woods and Bryant, 1993] (Fig. 1) . The DHR motif was first detected in a family of membraneassociated guanylate kinases that are localized at specialized junctional structures or junction like areas Woods and Bry ant, 1993] . It has been speculated that the DHR motif mediates coiled-coil interactions with the actin cytoskeleton [Woods and Bryant, 1991] or that it is capable of regulating guanylate kinase enzyme activity [Cho et al., 1992] . Over the past year several other proteins have been reported to contain DHR motifs, including the PTPases PTP-BAS/PTPLl/hPTPlE, MEG, and PTPH1 [Maekawa et al., 1994; Saras et al., 1994; Banville et al., 1994; Theisen et al., 1994; Prasad et al., 1993; Lue et al,, 1994 ]. Experiments to estab lish a possible function for the DHR motif have been limited to the observation that protein 4.1 can bind to the DHR-containing region of the human homolog of DlgA in vitro . No homologies other than to the human PTP-BAS isoforms were found for the N-terminal segment of PTP-BL in the databases.
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Comparison of PTP-BL to Its Human Homolog
The availability of both human and murine sequences for this unusually large non-receptortype PTPase has allowed an interspecies com parison ( Fig. 1 ; Table I ). As outlined above, the PTP-BL sequence can be divided into several domains. The evolutionary conservation of these 
II. P h o sp h o ty r o sin e P h o sp h a ta se A c tiv ity o f G ST-BL F u sio n P r o te in in th e P r e s e n c e o r A b sen ce o f V ariou s P o te n tia l
Inhibitors* domains has been determined and amino acid identities and similarities for the different seg ments are listed in Table I , For the band 4.1-like sequence, the five DHR motifs and the single phosphatase domain, 90% or more identity (94-96% similarity) is observed between the human and mouse sequences. The spacer regions sur rounding the DHR motifs are only 64% identical (73% similar), indicating reduced structural or functional constraints within these segments. The N~terminal segment, which lacks obvious homologies to other proteins in the databases, displays higher values, of 86% identity and 92% similarity, respectively (Table I) . A more careful scrutiny of the murine and human N-terminal sequences (Fig. IB) shows them to comprise three regions. Regions 1 and 3 yield similarity scores as high as those of the other conserved protein domains described above. In contrast, region 2 (corresponding to residues 213-393 of PTP-BL) is less well conserved and is spliced out in some h P T P lE variants. Interestingly, this region contains two conserved potential tyro sine kinase phosphorylation sites at residues 255 and 339, which suggests a regulatory role for this module in the stability, activity, or subcellular localization of the protein. A putative leucine zipper m otif has been identified within the third p art of the N-terminal domain [Saras et al., 1994] which may explain the high degree of similarity between the mouse and human sequences in this region of PTP-BL. However, the third leucine residue present in the human zipper motif has been replaced by a methionine in the mouse sequence (residue 478). Neverthe less, a significant potential to form coiled coil structures can be predicted for the third [Lupas et al., 1991] , in sharp contrast to the leucine heptad repeat that is found at the end of the phosphatase domain (residues 2,384-2,405). It remains to be investi gated, however, w hether the putative zipper re-. gion can indeed mediate di-or trimerization of the protein.
Phosphatase Activity of PTP-BL
A single conserved tyrosine phosphatase cata lytic domain, which contains the highly con served sequence VHCxAGxxR, is found at the O-terminus of PTP-BL. To demonstrate that PTP-BL indeed exhibits tyrosine phosphatase activity, a 1.2 kb H indlll fragment (Fig. 1A ) encoding the last 360 residues was cloned into the bacterial expression vector pGEX-3X [Smith and Johnson, 1988] . The predicted 65 kDa re combinant GST fusion protein was detected on SDS/PAGE when transform ed bacteria were grown in the presence of IPTG (data not shown). The fusion protein was present in the particu late fraction, probably due to the formation of inclusion bodies. Using a recently described sarkosyl method [Frangioni and Neel, 1993] , the fusion protein was solubilized and purified over glutathione agarose beads. In spite of the pres ence of protease inhibitors, a considerable por tion of the GST fusion protein appeared to be degraded. Since the extent of degradation could not be influenced by changing the experimental conditions, we surmise th a t the recombinant protein was susceptible to protease attack in vivo. Nevertheless, th e recombinant GST-BL protein, but not GST alone, displayed signifi cant phosphatase activity using pNPP as a sub strate (Table I) . The observed activity appeared sensitive to the tyrosine phosphatase inhibitor phenylarsine oxide (PAO). Under the conditions used, phosphatase activity was negligibly influ enced by vanadate and was not modulated by Zn2+, nor by the serine/threonine phosphatase inhibitor okadaic acid (Table II) . Furthermore, two different phosphotyrosine-containing pep tides were dephosphorylated by the GST-BL protein as determined in a non-radioactive assay (results not shown), clearly demonstrating phosphotyrosine phosphatase activity for PTP-BL.
PTP-BL Is Expressed in Epithelia
Preliminary Northern blot analyses had shown PTP-BL to be expressed at low levels in many different tissues [Hendriks et al., 1995] . In addi tion, RT-PCR experiments had revealed the ex pression of PTP-BL mRNA in murine embry onic stem cells derived from the blastocyst inner cell mass [Hendriks et al., 1994] , Therefore, we performed RNA in situ hybridization experi ments on fetal and postnatal murine tissue sec tions to determine the expression patterns dur ing development and in adult tissues more precisely. As demonstrated in Figures 2 and 3 , hybridization with the PTP14-2 antisense riboprobe reveals distinct spatial and temporal ex pression patterns. In the early development PTP-BL is expressed at high levels throughout the embryo (Fig. 2a,b) . During subsequent devel opment, expression becomes restricted to epithe lial cell lineages, e.g., epithelia of the skin and the oesophagus, the epithelia surrounding the vesicles of the brain, the epithelia of the nasal cavity, the lung, the kidney, the ureter, and the bladder (Fig. 2c,d) . In late development high expression is found, e.g., in the ependymal cell layer, which forms the epithelia surrounding the ventricles in brain (Fig. 3a,b) , the epithelia of bronchioli in the lung (Fig, 3c,d) , and the epithelia of the stomach (Fig. 3e,f) . High expres sion is also evident in cells of the Bowman's capsules of the kidney (Fig. 3g,h ) and the semi niferous epithelia of the testis (Fig. 3i,k) . There is only low expression in epithelial cells of the gut. Expression was also detected in some nonepithelial cells, such as the connective tissue surrounding the vertebrae in day 14.5 p.c. em bryos (data not shown). No expression was ob served in neuronal cells, muscle, or liver.
D ISC U SSIO N
We have isolated cDNAs encoding a novel murine cytoplasmic-type protein-tyrosine phos-phatase, PTP-BL, from brain and skin cDNA libraries. Using RNA in situ hybridization, PTP-BL expression was studied in a developmen tal perspective. PTP-BL mRNA expression is already detectable at very early stages of develop ment, e.g., in embryonic stem cells [Hendriks et al., 1994] and in all cells of a 9,5-day-old embryo (Fig. 2) . In late stages of development PTP-BL expression could be demonstrated in epithelial cell layers, most notably in the skin, nasal cav ity, oesophagus, stomach, kidney, and brain. This is in keeping with the expression pattern for the human gene as judged from Northern analysis. PTP-BAS expression was found in a wide variety of human tissues and a comparison of fetal and adult expression patterns points to a higher expression level in fetal brain for the PTP-BAS transcript [Maekawa et al., 1994] . This observation may be due to the relative prominence of the brain cavities, and thus epen dymal cell layers, during the early embryonic stages compared to adult brain.
The deduced protein sequence for PTP-BL displays an 80% sequence homology with the recently published human PTPases PTP-BAS/ PTPLl/hPTPlE [Maekawa et al., 1994; Saras et al., 1994; Banville et al., 1994] . The N-terminal segment of PTP-BL exhibits no apparent homology to other known proteins, but does contain two putative tyrosine kinase phosphory lation sites and a leucine zipper motif with coiled coil-forming potential. PTP-BL also contains a band 4.1-like domain, five DHR motifs, and a single protein-tyrosine phosphatase catalytic do main (Fig. 1) (Hendriks et al., unpublished  data) . This period is much longer than that observed for genuine PEST-containing proteins [Rechsteiner et al., 1987] .
Over the past year several proteins other than protein-tyrosine phosphatases and membraneassociated gyanylate kinase homologues have been found to contain DHR motifs [Banville et al., 1994; Maekawa et al., 1994; Lue et al., 1994; Prasad et al., 1993; Saras et al., 1994; Theisen et al., 1994] . Most of these proteins contain a single DHR motif, such as LCF [Cruikshank et al., 1994] , syntrophins [Adams et al., 1993b] , AF-6 [Prasad et al., 1993] , dishevelled [Theisen et al., 1994] , X l l [Duclos et al., 1993] , and the product from an altered rosl transcript [Sharma et al., 1989] . Interestingly, lymphocyte chemoattractant factor (LCF) is a novel type of interleu kin that consists almost entirely of a single DHR motif and whose biological activity depends on autoaggregation [Cruikshank et al., 1994] , sug gesting that DHR motifs mediate homophilic interactions. As mentioned previously, the DHR region of hdlg can bind to protein 4.1 in vitro , implying that heterophilic DHR-mediated interactions can occur as well. Association to band 4.1 has also been observed for the DHR-containing protein p55 [Marfatia et al., 1994] , Syntrophins are dystrophin-associ ated proteins located at the cell cortex [Adams et aL, 1993b] but it is not known whether their DHR motifs mediate this interaction. Genetic evidence suggests that the Drosophila protein dishevelled participates in signalling events downstream of wingless that occur close to the membrane [Theisen et al., 1994] . Like DlgA, dishevelled is required to establish cell polarity and it is tempting to speculate that the DHR motif determines the cell cortical localization required for its function. The human X l l pro tein contains two DHR motifs at its C-terminus. This protein is a candidate for Friedreich Ataxia (FRDA), an autosomal recessive degenerative disorder affecting both central and peripheral nervous systems [Duclos et al., 1993] . A crucial role for X I1 as part of the membrane skeleton in establishing polarity of neuronal cells would be in line with the observed FRDA phenotype.
To obtain more clues about potential roles for DHR motifs we performed homology and pat tern searches using the latest database releases, and five additional sequences were found to contain a DHR m otif (Fig. 4) . Surprisingly, one of these proteins, X104, is the product of an other gene which resides within the FRDA gene region, but which has been excluded as a candi date for the disease [Duclos et al., 1994] . X104 is in fact the human homolog of canine ZO-2 [Jesaitis and Goodenough, 1994], a ubiquitous com ponent of the epithelial tight junction complex, and was found to contain three DHR motifs (Fig. 4) . Two expressed sequence tags, T06631 Finally, and most interestingly, we identified a single DHR motif in the testis-specific serine/ threonine kinase MAST205 [Walden and Cowan, 1993] . MAST205 can associate to MAP-coated microtubules and this binding is displayed by a small protein segment just downstream of the kinase domain. This downstream segment dis plays 20-23% sequence identity to the DHR motif prototypes of DlgA (Fig. 4) . Since the segment does not bind to MAP-free tubulin, these data suggest that DHR motifs may enable interactions with proteins that decorate tubulin filaments. Indeed immunoprécipitation of MAST205 coprecipitates a 75 kDa protein [Wal den and Cowan, 1993]. It is noteworthy to men tion that a 78 kDa component was also detected in precipitates of the human homolog of PTP-BL, PTPL1 [Saras et al., 1994] . In conclusion, evidence is accumulating that the DHR motif is a protein-binding interface that can mediate assembly into submembranous and cytoskeletal structures. The mRNA expression pattern and the se quence homologies in PTP-BL imply that its substrates will be found among the proteins located at the cell cortex of epithelial cells. Many submembranous proteins contain phosphotyrosyl residues and protein phosphorylation has indeed been implicated in the regulation of struc tural changes in the membrane skeleton and cytoskeleton [Luna and Hitt, 1992] . The cloning of the neurofibromatosis type 2, dig, and ex tumor suppressor genes has demonstrated the tremendous impact of peripheral membrane pro teins on cell growth and differentiation [Algrain et al., 1993; Tsukitaet al., 1993] . Further investiga tions of the biological properties of PTP-BL are therefore expected to yield more information on the interplay of membrane-cytoskeletal protein complexes, both in normal and malignant cells. 
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